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(54) Abstract Title 

Method of applying hardfacing to drill bit teetit 

(57) Hardfacing (102) is applied to drill bit teeth (100), e.g. by plasma arc welding, to produce hardfacing (102) 
which vanes in thfclcness over the surface of the tooth (100). The thickness may be increased near the crest 
(104C) of the tooth (100) and be less near the root of the tooth (100). Alternatively, the thickness may be 
increased near the crest of the tooth to produce a self sharpening cap (106), 
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METHOD FOR APPLYING HARDFACING TO A SUBSTRATE AJSfD ITS 
APPLICATimv Tn rONSTRUCTfON OF MILLED TOOTH HRn T BTTR 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to hardfacing coatings on a metallic work piece, and more 
particularly to deposition of a hardfacing coating on roUer cone surfaces of a lock bit in 
selected patterns and tfaidaiesses. 

Description of th e Related Art 

Earth boring devices, such as rock bits used in petroleum and rock drilling 
applications, include surfaces exposed to erosive wear due to contact with geological 
formations. Two types of rock bits are commonly used: tungsten carbide insert rock bits 
and milled tooth rock bits. 

Tungsten caibide insert rock bits are generally used to drill hard fonnations because 
of the enhanced ability of tungsten carbide inserts to penetrate hard fomiations. However, 
the tungsten carbide inserts are mounted in a relatively soft metal, such as steel, that forms 
the body of the cutter cone. The relatively soft metal cutter body which holds the inserts in 
place may be abraded or eroded away when subjected to a high abrasive drilling 
environment. This abrasion or erosion occurs primarily due to the presence of cuttings 
fiom the fomiation, the direct blasting effect of the driUing fluid utilized in the driUing 
process, and the rolling and sHding contact of the cone body or cone shell with the 
fomiation. When the material supporting the inserts is ax)ded or abraded away to a 
substantial extent, the drilling forces being exited on the inserts may either break the 
inserts or force them out of the cutter cone when they engage the formation. As a result, 
the bit may no longer be effective in cutting the fomiation. Moreover, the loose inserts that 
break off from the cutter cone may damage other inserts and the cutter cone, and eventually 
may lead to Mlvtre of the cutter cone. 

When drilling relatively soft but abrasive fonnations, individual cutting inserts may 
penetrate entirely into the abrasive formation, causing the formation to come into contact 
with the cutter cone. When this contact occurs, the relatively soft cone shell material will 
eK)de away, namely at the edges of the surfece lands, until the previously embedded 
portion of the insert becomes exposed and the retention ability in the cone shell is reduced. 


which may result in the loss of the insert and reduction of the life of the bit. To protect the 
cuttCT cone from erosion, haidfacing material, such as tungsten carbide, has been ^lied to 
the cone surfaces by a variety of well known methods. 

Milled tooth rock bits are another important type of rock bits used in petroleum and 
mining drilling q>plications. A milled tooth bit has a roller cone with teeth protruding from 
the surface of the cone for engaging the rock. The teeth are made of hardened steel and 
generally are triangular in a cross-section (as observed in a plane perpendicular to the axis 
of the cone). The principal feces of flie milled teeth that engage the rock usually are 
dressed wifli a layer of hardfacing material to increase wear-resistance. 

Different methods have been developed, with varying degree of success, for 
applying hardface coatings to various wear prone surfaces on rock bits. For example, to 
prevent erosion, small, flat-top compacts made of hard material may be placed in 
vuhierable cone areas using a sihcate bonding agent. Wear resistant material can be 
applied to exposed surfaces of a cutter cone by thermal spraying, plasma arc welding, or 
other conventional welding. 

Milled tooth rock bits present a particular problem in applying hardfacing material 
in such a way as to most effectively lengthen the overall useful life of the bit. For example, 
various hardfece material compositiwis and particle size distributions are disclosed in U. S. 
patents no. 4,836,307 issued to Keshavan et al, no. 5,051,112 issued to Keshavan et al, and 
no. 5,492,186 issued to Overstreet et al which discloses a bimetallic hardface gauge facing. 
Others have disclosed, for example, inlying an additional layer of hardfacing on one flank 
of the milled teeth to miprove the wear resistance of the teeth. See for example, U. S. 
patent no. 5,791,423 issued to Oversti^t et al. An additional layer of hardfacing is 
typically applied by passing the teeth a second time through the apparatus used to apply the 
hardfacing. Still others have disclosed various shapes for the teeth formed so that when a 
relatively uniform thickness layer of hardfacing material is applied thereto, the result is 
improved wear resistance. See for example, U. S. patents no. 5,445,23 1 issued to Scott et 
al wherein a tooth substrate is shaped so that a haidfece ^plied therein which has a 
unifonn external surface provides hardface having greater thickness on one tooth flank than 
on the other. U. S. patent no. 5,35 1 ,771 issued to Zahradnik shows a bit tooth crest having 
indentations where the crest contacts the edges of the flanks to provide tiucker hardface in 
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such locations when hardface is apphed so as to have a unifonn external suifece. U. S. 
patent no. 5351,769 issued to Scott et al shows the crests of the teeth milled to have a 
recess on one side thereof for application of hanl&ce matoial. 

Figure 1 , for example, shows one type of prior art hardfece ^Hcation to the teeth 
on a drill bit The teeth, shown generally at 10 include thereon a hanlfece coating 12 upon 
a tooth substrate 14. The hardface 12 has a first, substantiaUy constant thickness tj along 
one flank, such as the trailing edge flank, and a different substantially constant thickness 
along the oflier flank of each substrate 14. As previously explained, the greater thickness 
can be obtained by a second pass through the apphcation system (such as welding), hi any 
event, the teeth shown in Figure 1 have substantially constant thickness of haidfecing on 
each flank thereof. 

Figure 2 illustrates typical manual application of hardfacing using a manual 
welding apparatus such as a torch 38 and welding rods 39. The heat 37 from the torch 38 
melts the rods 39 whereupon the material is fusibly bonded to the substrate 25. There is no 
1 5 provision in this technique for selecting different hardfedng thickness between the flanks 
27, 29 crest 3 1 and sides 33, 35 of tiie substrate 25. 

niustrations of specialized shapes for the substrates are shown in Figures 3 and 4, 
wherein a substantiaUy unifomi thickness hardfacing is qjplied to the shapes shown in 
Figures 3 and 4 to result in bit teeth having selected wearing characteristics. The 
20 specialized shapes such as shown at 237 m Figure 4 and 137 in Figure 3 can have the 
undesired side effect of creating stress risers in the substrates 225 and 125 respectively. 

The hardfacing apphcation techniques known in tiie art can provide improved 
resistance to wear of the teeth but may have the unintended side effect of reducing bit 
perfonnance by reducing debris clearance between adjacent teeth, as well as increasing 
25 residual stresses m the teeth where specialized tooth structures are used. 
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SUMMARY OF THE INVENTION 

One aspect of the invention is a method for applying hardfacing to teeth on a drill 
bit. The method includes applying the hardfacing to the teeth so as to have a thickness 
selected to correspond to the position along the surface of the tooth. 

In one embodiment of the method of the invention, the hardfacing thickness is 
increased near the crest of at least one tooth, and is decreased near the flank root of at least 
one flank of that at least one tooth. 

In another embodimoit of the method, the hardfacing is ^pUed so as to have a 
thickness which results in tiie formation of a self-shaipening c^ proximal to the west of at 
least one tooth. 

In another embodiment of the mettiod, an angle subtended by flanks of the tooth is 
selected to provide inCTeased strength to the tooth, and the hardfacing is applied to the tooth 
to cause exterior surfaces of the hardfacing corresponding to the flanks to subtend an angle 
selected to provide increased penetration of the tooth through earth formations while 
drilling. 

In another embodiment of the method, the hardfacing is applied to a greater 
thickness on a leading edge of the tooth than on the trailing edge of the tooth. 

Another aspect of the invention is a drill bit cutting element. The cutting element 
includes a substrate, and a hardface overlay applied to an exterior of the substrate so that a 
thickness of the hardface overlay is selected to correspond to a position about the exterior 
surface of the substrate. 

In one embodiment of the cutting element, the hardfacing thickness is increased 
near the crest of the cutting element, and is decreased near the flank root of at least one 
flank of the cutting element. 

In another embodiment of the cutting element, the hardfacing is applied so as to 
have a thickness which restilts in a self-sharpening cap proximal to the crest of the cutting 
element. 

In another raibodiment of the cutting element, an angle subtended by flanks of the 
cutting element substrate is selected to provide increased strength to the cutting element, 
and the hardfacing is applied to the substrate to cause exterior surfaces of the hardfacing 


corresponding to the flanks to subtend an angle selected to provide increased penetration of 
the cutting elements throug^h earth fonnations while drilling. 

In another embodiment of the cutting element, ttie haidfacing is applied to a greater 
ihidcness on a leading edge of the cutting elemait than on a trailing edge of the cutting 
5 elemrat 

BRIEF DESCRIPTION OF THE DRAWEVGS 
Figures 1 through 4 show examples of prior art hardface coatings on drill bit teeth 
and specialized shq^es for such teeth. 

Figure 5 shows one example of a hardface material applied to a drill bit tooth 
1 0 according to the invention. 

Figure 6 shows how tapered hardface material can increase debris clearance 
betwcOT adjacent teeth. 

Figures 7 through 9 show examples of self-shaipening bit teeth made according to 
another embodiment of the invention. 
15 Figures 10 through 1 7 show examples of multiple layers of hardfacing applied to a 

substrate to compensate for wear of the substrate. 


DETAILED DESCRIPTION 

Figure 5 shows one example of a drill bit tooth 100 such as a milled tooth forming 
20 part of a typical roller cone (not shown) on a roller cone bit The tooth 1 GO in this example 
is a composite structure consisting of a tooth substrate 104 and a hardface overlay 102. 
The tootii substrate 104 can be made from steel or similar structural material used to make 
up the roller cone (not shown) by any process well known in the art. The tooth substrate 
104 in this example includes thereon a leading flank 104A, a crest 104C and a trailing flank 
25 1 04B. The leading 104 A and trailing 104B flanks in this example subtend an angle, p, 
which can be selected to provide the tooth substrate 104 with improved, or even optimal 
strength properties under the axial and transverse loading expected on the typical milled 
tooth drill bit Such angles are frequently in the range of about 35-55 degrees. The flanks 
1 04A and 104B may or may not be symmetrically orimted (or subtend the same angle) 
30 with respect to the center of the tooth substrate 104. 
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The tooth substrate 104 has applied to its exterior surface the hardface overlay 102. 
The hardface overlay 102 is generally made from material having substantially more 
hardness than the material which forms the substrate 104. Suitable materials for the 
hardface 102 are described, for example, in U. S. patent no, 4,836,307 issued to Keshavan 
et al, although other hardfacing materials known in the art may be used for the hardface 
overlay 1 02. The hardface overlay 1 02 may be applied by manual arc welding, plasma 
transferred arc welding or other process known in the art. 

In this embodiment of the invention, it is preferable to use a controUed-pulse, 
pulsed transferred arc technique and system such as described in co-pending U, S. patent 
application no. 09/153,130 filed on September 15, 1998 entitled, "Pulsed Plasma 
Transferred Arc System", and assigned to the assignee of this invention. An advantage 
which may be offered by using the system disclosed in the 09/153,130 application is 
relatively precise control over the thickness of the hardface overlay 102 as applied at any 
position on surface of the substrate 104, Generally speaking, the technique disclosed in the 
09/153,130 application includes pulsed plasma transferred arc welding of hardface onto the 
substrate, wherein the welding current is varied from a lower value at least enou^ to melt 
one component of the hardface material to a high value selected to avoid the formation of 
weld pools in the weld area. The tibickness of the hardface material thus applied can be 
controlled by selecting the values for the weld current, or preferably, by adjusting the flow 
rate of tiie hardface powder through the welding apparatus and selecting corresponding 
welding ciixrent values for the powder flow rate. 

Although any ^paratus adapted to apply hardfacing can be used in this 
CTibodiment of the invention, it is also preferable to use a system disclosed in co-pending 
U. S. patent application no. 09/153,676 filed on September 15, 1998 entitled, "Automated 
Hardfacing System" and assigned to the assignee of this invention. The system disclosed 
in the 09/153,676 patent application includes a computer-controlled robotic arm for 
positioning a plasma transferred arc welding apparatus. By xxsing the system disclosed in 
the 09/153,676 patent, the position of the welding apparatus with respect to each tooth 
having hardfacing q>plied thereon can be precisely controlled, and control over the position 
is highly repeatable as each successive tooth substrate has hardface overlay appUed thereto. 
By precise control of the welding ^paratus position and control of the hardface powder 


flow rate and conesponding welding current, a predetennined thickness of haidfedng can 
be qjplied at any selected positirai on the exterior surface of the tooth 1 00. 

In Ms particular embodiment of flie invention, the haidface overlay 1 02 is applied 
so fliat flie thickness of the hard£fice ova-lay 102 on at least one of the flanks 1 04A, 104B 
increases nearer to the crest 104C of the substrate 104, and decreases near the root end of 
that flank 104A, 104B. Preferably both flanks 104A, 104B wiU include a tapered thickness 
for the overlay 1 02 as just described. Consistent with the previously explained technique 
for controlling overlay thickness when using plasma transferred arc welding to ^ly the 
handfece overlay 102, the powder flow rate can be increased when the welding apparatus is 
applying hardfacing near the crest 104C of the substrate 104, and the powder flow rate can 
be correspondingly reduced when the welding apparatus is flying hardfacing to Ae areas 
near the roots of the flanks 104A, 104B. This structure of variable thickness for the 
hard&ce 102 cables the leading edge 102A and trailing edge 102B of the haid&ce 102 to 
subtCTd an angle, a, with respect to horizontal wtdch is greater than the angle, p, subtended 
by the flanks 104A, 104B of the substrate 104 with respect to horizontal. The angle with 
respect to horizontal subtended by edges 102A and 102B can be in the range of about 40 to 
65 degrees ^ere the flanks 104A 104B subtaid flie angles as previously explained of 
about 35 to 55 degrees. As is known in fte art, having leading and trailing edges on a bit 
toofli which subtend a relatively high angle can improve the penetrating and cutting poww 
of the tootii as it is impressed iqjon earth formations. Although ranges of subtended angles 
have been suggested for the flanks 1 04 A 1 04B and the edges 1 02A, 1 02B, in this 
embodiment, it is desirable that angle p be selected to provide the tooth 100 with relatively 
high strength, and the angle a be selected to provide the tooth 100 with relatively hi^ 
penetration and cutting c^ability. It is not necessary for the subtended angle of each flank 
104A, 1 04B to be the same as the angle subtended by the other flank. Similarly, there is no 
need for each edge 102A, 102B to subtrad the same angle as the other edge. Symmetric 
edges and flanks are flierefore not to be construed as a limitation on flie invention. 

An advantage which may result from making teefli according to this embodiment of 
the invention includes an increase in ±e debris clearance betweoi adjacent teefli. As 
shown in Figure 6, a clearance area A between adjacent teeth 100 is increased by an 
amount approximated by triangular sections b and c as con^ared to prior art hardface 


techniques wherein the hardface would extend into the areas shown at b and c. For the 
typical spacings between adjacent teeth in milled-tooth rock bits, this embodiment of the 
invention can provide about 15 percent increase in debris clearance between adjacent teeth. 

Other embodiments of the invention are shown in Figures 7, 8 and 9. Figure 7 
shows one example of a so-called *'self-shaipening" bit tooth wherein a specially formed 
"cap" 106 has a sh^e designed to compensate for wear of the hardface during use of the 
bit. Other cap sh^es are shown at 1 08 in Figure 8 and 1 10 in Figure 9, The self- 
sharpening teeth shown in Figures 7, 8 and 9 may include the feature of the first 
embodiment of the invention wherein the thickness of the hardface is tap&ed at the root 
ends of the substrate, and generally thickens at the crest of the substrate. Altonoatively, the 
self-sharpening teeth shown in Figures 7, 8 and 9 may have substantially constant thickness 
along the flanks of the substrate, wherein the shape of the cap is formed by the method 
described previously for changing the thickness of the applied hardface material. 

Additionally, embodiments are shown in Figures 10-17, wherein multiple layers of 
hardface material are applied to the substrate to compensate for wear of the hardface during 
use of the bit. Figures 10 and 1 1 show examples of a cap formed on the substrate by 
applying a sub-layer 112 of hardface material to the crests prior to the apphcation of a top 
layer 1 14 to produce bit teeth having thicker hardfacing overlay on the crests. Each layer 
of hardface applied to the substrate may be formed by the method described previously so 
as to have a selectable thickness. Additionally, a sharp leading edge may be formed on the 
teeth by adding a weld bead, for example, on the crests, on the leading edge at an angle, or 
below the leading edge on flanks, as shown in Figures 12, 

Iti the embodiments of Figures 1 0 and 1 1, the sub-layer 1 12 and top-layer 1 14 
comprise the same hardface material. Alternatively, the layers of hardface applied to the 
substrate may comprise different materials, as shown in Figure 13. In this embodiment, the 
sub-layer may comprise a more ductile material 1 16 and the top-layer may comprise a 
harder material 1 18 so that the total thickness of the hardface overlay can be increased 
while maintaining ductility. Providing a transition layer between the soft substrate and the 
exterior hardface also results in lower stress and thermal gradients between mating material 
surfaces. Other examples are shown at 120A and 120B in Figure 14 and in Figures 1 5 and 
16. Alternatively, midtiple layers of hardface may be appUed to the substrate as shown at 
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120C in Figure 14, ^erdn a more ductile hard&ce material 1 16 is qyplied on the substrate 
and a harder (more brittle) matraial 1 18 is applied on the "crown" and flank of the tooth. 
This embodiment provides a hard crown sur&ce for cutting and softer, yet oosion resistant, 
flanks giving ductility to die entire tooth. Alternatively, multiple layers of haidface can be 
5 ^lied as shown in Figure 1 7, wherein a more ductile hardface material 11 6 is applied to 
die crest and tiie lower section of the flanks aiui a hardo- hardfedng material 1 1 8 is a^jplied 
to the crown and the upper section of the flanks of the toodi. This embodiment provides a 
hard i^per tooth surface for cutting while giving ductility to the tooth. The teedi shown in 
Figures 10-17 may include the feature of the first embodiment of the invention, wherein die 
10 thickness of the hardface is tiered at the root ends of the substrate, and generally thickois 
at the crests of the substrate. Alternatively, die teeth shown in Figures 10-16 may have 
substantially constant diickness along the flanks of the substrate. Multiple layeis of 
hardface may be ^lied to achieve a desired external surface configuration. A particular 
advantage of the invention is that the substiiate can have a substantially regular exterior 
1 5 surface, while the hardface ova-lay can have practically any selected exterior surface 
configuration. The selected extoior sur&ce configuration can provide increased drilling 
performance and/or in^roved wear resistance to a bit made accoiding to the invention 
vAdle reducmg the complexity of die process used to fonn the substrate. Prior art drill bit 
teeth, such as those describe m the Background section herein, for cxaraple, provided 
20 selected thicknesses of hard&cing by forming specialized shq)es to die substrate extCTor 
surface. Using the mediod of tiiis invoition, it is not necessary to fonn die substiate to 
such specialized shapes, but instead die substirate may be formed to improve its overall 
strength. 

To summarize the invention with respect to the embodimaits described herein, 
25 genwally die invention provides a mefliod for applying hardface to a substrate stiucture 
wherein the extemal surface configuration of the hardface is selectable by ^jplying 
hardface on the substrate so as to have a selectable diickness related to the position along 
die extemal surfece of die substrate. Prior art hardface methods provided only a imifoim 
exterior stirface, or a uniform thickness of the haidface overlay. 
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Other embodiments of the invention can be readily devised by those skilled in the 
art which do not depart from the spirit of the invention as disclosed herein. Accordingly, 
the scope of the invention shall be limited only by the attached claims. 
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What is claimed is: 


1 1. A method for applying hardfacing to teeth on a driU bit comprising: 

2 applying said hardfacing to at least one of said teeth so as to have a 

3 thickness selected to conespond to a position about an exterior surface of said at least one 

4 of said teeth, said at least one of said teeth having a substantially regular exterior substrate 

5 surface. 

1 2. The method as defined in claim 1 wherein said thickness increases proximal 

2 to a crest end of at least one flank of said at least one tooth, and said thickness decreases 

3 proximal to a root end of said at least one flank. 

1 3. The method as defined in claim 1 wherein said thickness is increased 

2 proximal to a crest of said at least one tooth so as to fomi a self sharpening cap thereon. 

1 4. The method as defined in claim 1 wherein said hardfacing is applied by 

2 plaana transfened arc welding. 

5 . The method as defined in claim 1 wherein a flow rate of powd«ed 
hardfacing material is adjusted to correspond to a selected value of said thickness. 

6. The method as defined in claim 1 whwein a welding current is adjusted to 
correspond to said flow rate. 

7. The method as defined in claim 1 wherein an angle subtended by flanks of 
said at least one tooth is selected to provide increased strength to said at least one tooth and 
said hardfecing is apphed to said at least one tooth to cause exterior surfaces of said 
hardfacing corresponding to said flanks to subtend an angle selected to provide increased 
penetration of said tooth through earth formations while drilling. 
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8. The method as defined in claim 1 wherein said hardfacing is qsplied in 
multiple layers. 

9. The method as defined in claim 8 wherein at least one of said multiple 
layers comprises a more ductile hardface material than at least one other of said multiple 
layers. 

10. The method as defined in claim 1 wherein said selected thickness is greater 
on a leading edge of said teeth than on a trailing edge of said teeth. 

11. A drill bit cutting element, comprising: 
a substrate; and 

a hardface overlay applied to an exterior of said substrate, wherein a 
thickness of said hardface overlay is selected to correspond to a position about the exterior 
smiace of said substrate, said substrate having a substantially regular exterior surface. 

12. The cutting element as defined in claim 1 1 wherein said thickness increases 
proximal to a crest end of at least one flank of said cutting element, and said thickness 
decreases proximal to a root end of said at least one flank. 

13. The cutting client as defined in claim 1 1 wherein said thickness is 
increased proximal to a crest of said cutting element so as to form a self-sharpening cap 
diereon. 

14. The cutting element as defined in claim 1 1 wherein said hardfacing is 
sqiplied by plasma transferred arc welding. 

1 5. The cutting element as defined in claim 1 1 wherein a flow rate of powdered 
hardfacing material is adjusted to correspond to a selected value of said thickness. 
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1 16. The cutting element as defined in claim 1 1 who^ a welding coiieat is 

2 adjusted to coirespond to said flow rate. 

1 1 7. The cutting element as defined in claim 1 1 wherein an angle subtended by 

2 flanks of said cutting element is selected to provide increased strength to said cutting 

3 element and said hardfece overlay is appKed to said cutting element in varying thickness si 

4 that exterior surfaces of said hardfece overlay corresponding to said flanks subtend an 

5 angle selected to provide increased penetration of said cutting elanent through earth 

6 formations while drilling. 

1 1 8. The cutting element as defined in claim 1 1 wherein said haidface overlay 

2 comprises multiple layos. 

1 1 9. The cutting elemoit as defined in claim 1 8 wherein at least one of said 

2 multiple layers conqnises a more ductile hardface material than at least one odier of said 

3 multiple layers. 

1 20. The cutting element as defined in claim 1 1 wherein said thickness is greatw 

2 on a leading edge of said cutting elanent than on a trailing edge thoeof 

1 21 . A method for flying haidfacing to a substrate, comprising: 

2 selecting a desired exterior surfece configuration of said hardfacing; and 

3 flying said hardfacing to said substrate at each position along an exterior 

4 surface of said substrate to a thickness corresponding to a distance between said exterior 

5 surface configuration and said surface of said substrate at each said position, said substrate 

6 having a substantially regular exterior surface. 

1 22. The method as defined in claim 21 wherein said substrate conqjrises a drill 

2 bit tooth and said thickness increases proximal to a crest end of at least one flank of said 

3 tooth, and said thickness decreases proximal to a root aid of said at least one flank. 
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23. The method as defined in claim 21 wherein said substrate comprises a drill 
bit tooth and said thickness is increased proximal to a crest of said tooth so as to form a self 
sharpening cap thereon. 

24. The method as defined in claim 2 1 wherein said hardfacing is s^plied by 
plasma transferred arc welding. 

25. The method as defined in claim 21 wherein a flow rate of powdered 
hardfacing material is adjusted to correspond to a selected value of said thickness. 

26. The method as defined in claim 21 wherein a welding current is adjusted to 
correspond to said flow rate. 

27. The method as defined in claim 2 1 wherein said substrate comprises a drill 
bit tooth and an angle subtended by flanks of said tooth is selected to provide increased 
strength to said tooth during drilling therewith, and said hardfacing is apphed to said tooth 
to cause exterior surfaces of said hardfacing corresponding to said flanks to subtend an 
angle selected to provide increased penetration of said tooth through earth formations while 
drilling therewith. 

28. The method as defined in claim 2 1 wherein said hardfacing is ^plied in 
multiple layers. 

29. The method as defined in claim 28 wherein at least one of said multiple 
layers comprises a more ductile hardface material than at least one other of said multiple 
layers. 

30. The method as defined in claim 21 wherein said thickness is greater on a 
leading edge of said tooth than on a trailing edge of said tooth. 
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31. An earth boring device including a drill bit having teeth to which 
hardfacing is applied according to a method as claimed in any one of claims 1 
to 10. 

32. An earth boring device including a drill bit having a substrate to 
v/idch hardfacing is applied according to a method as claimed in any of claims 
21 to 30. 

33. An earth boring device including a drill bit cutting elemait as 
claimed in any of claims 1 1 to 20. 

34. A drill bit cutting element having teeth to which hardfacing is 
applied according to a method as claimed in any of claims 1 to 10. 

35. A drill bit cutting element having a substrate to which hardfacing 
is applied according to a method as claimed in any of claims 21 to 30. 
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